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(57) Abstract 



There is ^scribed a system for monitoring utilisati n of a tributary (17) to a main SDH transmission path (15), The main SDH 
transmission path is arranged to transport a scries of data frames, each of which contains virtual container. 



7,^N • u-nspon a scnes or oau names, eacn ot wjiich contains virtual containere. A data signal fr m tributary 

(17) IS loaded "Jto virtual containeis reseived to cany the data signal. The monitoring system (20) comprises an opUcal service unit (21) 
and a computer (^) TT^ optical service unit (21 ) monitors the bytes of the virtual container reseived to cany the tXitary for the presence 
f a predetermined bit pattern and transmits a report containing the results of the m nitoring to the computer (22). In the computer (22) 

^c^n^T^"!?^ '^f-":'^ 1?'"""'* udlisation of the tributary. One example of the bit pattern which is monit^ is the 

presence of all binary "1 "s m each byte of the payload f a virtual container. r t- « iiureu » uic 
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MONITORING A SYNCHRO NOUS DIGITAL HiERARCMV TRANSMISStOM PATH 

This invention relates to a method of monitoring transmission along a 
synchronous digital hierarchy transmission digital path and also to a system for 
5 monitoring such transmission. 

In a synchronous digital hierarchy (SDH) network, tributaries to a main 
SDH transmission path are connected to it by multiplexers. The tributaries and 
multiplexers connect terminal equipment belonging to users of the network to the 
main transmission path. Within the main transmission path, bandwidth is allocated 

10 between the users of the network in accordance with their requirements and these 
requirements vary with time. Because the bandwidth of the main transmission 
path is limited, at any moment in time it may happen that the bandwidth 
requirement of a particular user is not met in full. It has been appreciated by the 
inventor of the invention which is the subject of this patent application that a 

15 particular user may not be making full use of the bandwidth allocated to it. 
Therefore, if such underuse of an allocated bandwidth could be detected, it might 
be possible to persuade the user to reduce its bandwidth requirement. This could 
then free additional bandwidth for the user if this requirement was not met in full. 
It has therefore been appreciated that it is desirable to find a method of monitoring 

20 utilisation of tributaries to a main SDH transmission path. 

According to one aspect of this invention, there is provided a method of 
operating a utilisation monitoring system for monitoring utilisation of a tributary to 
a main synchronous digital hierarchy (SDH) transmission path, said main 
transmission path being arranged to transport a series of data frames each of 

25 which contains at least one virtual container, each virtual container having a path 
overhead and a payload, the said tributary joining the main transmission path at a 
multiplexer which is arranged to load a data signal from the said tributary into 
virtual containers in said frames which are reserved for carrying a data signal from 
the said tributary, the said method comprising the steps of: 

30 examining virtual containers reserved for carrying a data signal from the 

said tributary at a point on the said main transmission path for the presence of a 
predetermined bit pattern; and 
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evaluating a parameter indicative of the utilisation of said tributary from 
the results of said examining step. 

The present invention provides a method of monitoring utilisation of a 
tributary to a main SDH transmission path, it can be used to detect underuse of 
5 an allocated bandwidth requirement by a user who might then be persuaded to 
reduce its bandwidth requirement. As mentioned above, bandwidth freed in this 
way could then be made available for a user whose bandwidth requirement was 
not met. It can also be used to monitor utilisation of a tributary to detect when 
bandwidth usage approaches a point where additional bandwidth should be 
10 purchased. 

According to another aspect of this invention, there is provided a syst m 
for monitoring utilisation of a tributary to a main synchronous digital hierarchy 
(SDH) transmission path, said system comprising: 

means for examining virtual containers carried in SDH data frames and 
1 5 reserved for carrying a tributary to a main SDH transmission path at a point on the 
main SDH transmission path for the presence of a predetermined bit pattern; and 

means responsive to said examining means for evaluating a parameter 
indicative of the utilisation of the tributary. 

This invention wi!l now be described in more detail, by way of example, 
20 with reference to the drawings in which: 

Figure 1 is a block diagram of some components of an SDH network 
including a monitoring system embodying this invention; 

Figure 2 is a diagram of an SDH STM-1 data frame together with a VC-4 
virtual container; 

25 Figure 3 is a diagram of an SDH STM-1 data frame together with virtual 

containers arranged in a nested manner; 

Figure 4 is a block diagram of the components of the computer shown in 

Figure 1 ; 

Figures 5 and 6 are flow charts illustrating the operation of the monitoring 

30 system shown in Figure 1 : and 

Figure 7 is a diagram illustrating a display produced by the monitoring 

system. 
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Referring now to Figure 1, there are shown some of the components of an 
SDH network. These components include a ring 10 of add/drop multiplexers. 
Three of these multiplexers are shown and indicated, respectively, by reference 
numerals "12, 13 and 14. Between the multiplexers 12, 13 and 14, data is carried 
5 along a main transmission path 15. Between the multiplexers 12 and 13 and the 
multiplexers 13 and 14, the main transmission part is indicated by a solid line and 
this indicates that no further multiplexers are located along this part of the 
transmission path. Between the mutliplexers 12 and 14, the transmission path is 
indicated by a dashed line and this indicates that additional multiplexers, not 
10 shown, are located along this part of the transmission path. Each of the add/drop 
multiplexers 12, 13 and 14 has tributaries and these are denoted, respectively, by 
reference numerals 16, 17 and 18. The ends of the tributaries remote from the 
add/drop multiplexers are connected to terminal equipment belonging to the users 
of SDH network. Thus, the tributaries and add/drop multiplexers connect terminal 
1 5 equipment to the main transmission path 1 5. 

The SDH network also includes a monitoring system 20 which comprises 
an optical service unit 21 located on the main transmission path 15 between 
add/drop multiplexers 13 and 14 and a computer 22. The optical service unit 21 is 
an optical service unit type OSU 155 manufactured by GRC International Inc of 
20 8310 Guildford Road, Suite A, Columbia, Maryland, USA, but modified to operate 
as herein described. The optical service unit 21 and the computer 22 are 
connected by a communications link 23. As will be described in detail below, the 
function of the monitoring system 20 is to monitor utilisation of tributaries to the 
main transmission path 15. 

25 Between the add/drop multiplexers data is carried in STM-1 data frames. 

(STM stands for Synchronous Transport Module). STM-1 frames are clocked at 
intervals of 125 microseconds. SDH standards define higher order dataframes 
which are clocked at higher frequencies. Higher order data frames will not be 
described in this example. Whilst not shown, the SDH ring 10 may be connected 

30 to another SDH ring by a crossconnect and in such a further SDH ring data may be 
carried in higher order STM modules. 

An example of an STM-1 frame 30 is shown in Figure 2. As is known to 
those skilled in the art. an STM-1 frame comprises a section overhead 31 and a 



wo 97/37453 



PCT/GB97/00752 



payload 32. The section overhead 31 contains control infornnation. The payload 
32 contains data to be transported. Each STM-1 frame is 2430 bytes long, with 
81 bytes in the section overhead 31 and 2349 bytes in the payload 32. 

Within each STM-1 frame, the payload holds one or more virtual 
5 containers which contain the data to be transported. SDH standards define a set 
of virtual containers of varying byte lengths. In Figure 2, there is shown a VC-4 
virtual container which is the largest container that can be carried by an STM-1 
frame. Each virtual container has a path overhead which contains control 
information and a payload which contains the data to be transported. In the virtual 
10 container 33 shown in Figure 2, the path overhead is indicated by reference 
numeral 34 and the payload is indicated by reference number 35. 

Where an STM-1 frame contains smaller virtual containers, the smaller 
containers are loaded into larger containers in a nested manner. Figure 3 shows an 
STM-1 frame 40 in which VC-12 virtual containers 41 are nested into VC-3 virtual 
15 containers 42, and the VC-3 virtual containers 42 are nested into a VC-4 virtual 
container 43. 

At an add/drop multiplexer a tributary may be loaded into virtual 
containers carried by the data frames passing along the main transmission path. 
The data signal in the tributary is loaded into a type of virtual container which has 
20 an appropriate byte length and hence appropriate bit rate capacity to receive data 
carried at the bit rate of the tributary. The data signal from the tributary is loaded 
into a single virtual container in each data frame. Data may also be unloaded from 
virtual containers into a tributary. For the STM-1 frame, the VC-12 virtual 
container has a bit rate capacity of 2.3 Mbit/s and is thus capable of receiving a 
25 plesiochronous digital hierarchy (PDH) data signal at a bit rate of 2.048Mbit/s. The 
bit rate capacity of each type of virtual container corresponds to one or more PDH 
bit rates as shown in Table 1 below. 
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Table 1 



virLLIcli v-rOniaFDer 


Capacity 


Corresponding PDH 




(Mbit/s) 


Capacity (Mbit/s) 


VC-4 


150 


139.264 


VC-3 


50 


34.368 & 44.736 


VC-2 


6.8 


6.312 


VC-12 


2.3 


2.048 


VC-1 1 


1.7 


1.544 



10 



In the present example, the tributaries 16, 17 and 18 carry PDH data 
signals at a bit rate of 2.048 Mbit/s. The add/drop multiplexers 12, 13, 14 are 
arranged to load the PDH data signals from the tributaries 16, 17, 18 into VC-12 
containers. However, it is to be appreciated that the present invention may be 
used for monitoring tributaries operating at different bit rates and loaded into 
different types of virtual containers. 

In order to provide a user of the network 10 with a bandwidth allocated to 
that user, one or more virtual containers are reserved in each STM-1 frame, to 
carry the data for the customer. For example, if the user whose terminal 
equipment is connected to the network by the eight tributaries 16 and add/drop 
multiplexer 12 requires sufficient bandwidth to carry data signals on all eight 
15 tributaries, the bandwidth requirement can be met by reserving 8 VC-12 virtual 
containers in each STM-1 frame. If this user requires sufficient bandwidth to 
carry the data signal from just one tributary, then this requirement may be met by 
reserving a single VC -12 virtual container in each data frame. 

Each tributary to an SDH hetwork may be unequipped or equipped. If it is 
20 unequipped, it is unused and therefore unable to carry useful data, which can be 
interpreted as being idle. If the tributary is equipped, it is able to carry useful data 
and it is either busy or idle. If it is busy it is carrying data and if it not busy then it 
is not carrying data. 

The monitoring system 20 is arranged to monitor the utilisation of one or 
25 more tributaries. In order to monitor the utilisation of a tributary, it examines the 
bytes in virtual containers reserved to carry a data signal from that tributary. The 
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monitoring system 20 evaluates utilisation of a tributary in three different ways, 
each of which is based on a particular condition. These conditions will now be 
described. 

In the first condition, the optical service unit 21 examines each byte in the 
5 payload of a virtual container for the presence of all "1"s, or, in other words, for a 
binary value of "1 11 1 1 1 1 1 If each byte of the payload of the virtual container 
has all binary "1"s, then the condition is met. This condition will be referred to as 
the "ALWAYS" condition. Where each byte of the payload of the virtual contain r 
reserved to carry the data signal for a particular tributary has an all binary "1"s 
10 value, this indicates that the tributary is idle for the time segment corresponding to 
the virtual container regardless of whether the virtual container is equipped or 
unequipped. Thus, where the "ALWAYS" condition is met in the virtual container 
reserved for a particular tributary in a whole series of frames, then for the time 
period corresponding to the series of frames the tributary is completely idle. If the 
1 5 "ALWAYS" condition is met for only half of the frames, then the tributary is 50% 
utilised. 

An evaluation of utilisation based on the "ALWAYS" condition will be 
accurate only in so far as the "ALWAYS" condition is a reliable indicator of 
utilisation. Because the bytes within the payload of a virtual container are liable to 
20 drift, it can happen that the "ALWAYS" condition may not be met for a particular 
tributary, despite the fact that the tributary is idle. 

In the second condition for measuring utilisation, the bytes of the payload 
of a virtual container are examined for the presence of at least one byte having an 
all binary "1" s value, or in other words, a binary value of "11111111". This 
25 condition will be referred to as the "ONCE" condition. Thus, where the bytes in a 
virtual container have drifted, an evaluation of utilisation based on the "ONCE" 
condition may be more accurate than an evaluation based on the "ALWAYS" 
condition. 

The path overhead of each VC-12 virtual container contains a byte which 
30 is known as the "V5" byte. If in the V5 byte, bits 5, 6 and 7 are set to a binary 
value of "OOO", this indicates that the tributary for which the virtual container is 
reserved is unequipped. In the third condition for measuring utilisation, the V5 
byte of the path overhead of a virtual container reserved for a particular tributary is 
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examined for the presence of a binary "000" in bits 5, 6 and 7. If this value is 
found, then this condition is met. This condition will be referred to as the 
"UNEQUIPPED" condition. The "UNEQUIPPED" condition identifies an unused, 
that is idle, tributary. Thus, if the "UNEQUIPPED" condition is met, in the virtual 
5 container reserved for a particular tributary in each frame of a series of frames, 
then the tributary is "UNEQUIPPED" for the time period corresponding to the series 
of frames. If the unequipped condition is not met for any of these virtual 
containers, then the tributary is equipped for the time period corresponding to this 
series of frames. 

^ ° *° noted that the three conditions for measuring utilisation share 

the common feature of examining the bytes of a virtual container for the presence 
of a pre-determined bit pattern. The difference between the three conditions lies in 
the actual bit pattern which is detected. 

The optical service unit 21 extracts and monitors the bytes of the frames 

15 passing along the main transmission path 15 in order to provide network 
management information. In addition to providing conventional network 
management information, the optical service unit 21 can also monitor virtual 
containers reserved for up to eight tributaries for the presence of the "ALWAYS" 
condition, the "ONCE" condition and the "UNEQUIPPED" condition. The optical 

20 service unit 1 5 monitors virtual containers for the presence of the three conditions 
for a series of polling intervals each of which has a duration of 1 25 milliseconds. 
Thus, each polling interval corresponds to 1,000 STM-1 frames. During each 
polling interval, the optical service unit 21 monitors the virtual containers for each 
tributary. 

25 During each polling interval the optical service unit 21 examines each 

virtual container reserved for a particular tributary for the presence of the 
"ALWAYS" condition. At the end of the polling interval, the optical service unit 21 
logs the number of virtual containers which satisfy the "ALWAYS" condition. 

Similarly, during each polling interval, the optical service unit 21 monitors 

30 each virtual container reserved for a particular tributary for the presence of the 
"ONCE" condition. At the end of the polling interval, it logs the total number of 
virtual containers in that interval which satisfy the "ONCE" condition. 
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During each polling interval the virtual containers reserved for a particular 
tributary are monitored for the presence of the "UNEQUIPPED" condition. At the 
end of the polling interval, it logs the number of virtual containers which have been 
examined for the "UNEQUIPPED" condition which satisfy this condition. 
5 At the end of each measurement period, which in the present example, is 

5 seconds, the optical service unit 21 produces a report. For each monitored 
tributary, the report specifies the number of polling intervals (usually 40), the 
number of virtual containers which satisfy the "ALWAYS" condition, the number 
of virtual containers which have satisfied the "ONCE" condition and the number of 
10 virtual containers which have been found to satisfy the "UNEQUIPPED" condition. 
A report is generated and transmitted to computer 22 on communications link 23. 

The computer 22 uses the reports from the optical service unit 21 to 
evaluate utilisation of the monitored tributaries. The computer 22 is of 
conventional construction and its main components are shown in Figure 4. As 
1 5 shown in Figure 4, the components of computer 22 comprise a central processing 
unit 50, a visual display unit IVDU) 51, a store 52, keyboard 53 and input and 
output ports 54. The store 52 is formed from hard-disk store, random-access- 
memory and read-only-memory. The store 52 contains the programs which control 
the operation of computer 22 and also the program which is used for evaluating 

20 tributary utilisation. 

For each measurement period, for each monitored tributary the computer 
22 evaluates three parameters Ua. Uq and U^ indicative of utilisation of the 
tributary. The three parameters Ua. Uq and Ue are based, respectively, on the 
''ALWAYS" condition, the "ONCE" condition and "UNEQUIPPED" condition. For 
25 each measurement period, the computer 22 also calculates three parameters Uaa > 
Uao and Uae ^or the average utilisation of the monitored tributaries. The flow 
chart for the part of the program which is used to calculate the three parameters 
Ua Uo and Ue for each individual tributary is shown in Figure 5 and the part of the 
program which is used to evaluate the three parameters for the average of the 
30 three tributaries is shown in Figure 6. These two flow charts will now be 
described. 
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Referring now to Figure 5, in a step 60, the computer 22 evaluates a 
parameter Ua which represents utilisation of the monitored tributary based on the 
"ALWAYS" condition using the following equations: 

{1 - Ia). where ^1 j 

Pa /Qa 

number of virtual containers reserved for the tributary examined in 
the measurement period which satisfy the "ALWAYS" condition 
total number of virtual containers reserved for the 
tributary examined in measurement period 



Ua 

Ia 

Pa 



Qa = 



10 



The value of Qa , which represents the total number of virtual containers 
reserved for the tributary examined in the measurement period, is obtained by 
multiplying the number of polling intervals in the measurement period by 1,000. 
15 There are 1 ,000 frames in each polling interval. 

In a step 61, the computer evaluates a parameter Uq which represents the 
utilisation of the monitored tributary based on the "ONCE" condition using an 
equation which is similar to Equation 1 set out above but modified for the "ONCE" 
condition. 

20 In a step 62, the computer 22 evaluates a parameter Ue which represents 

the utilisation of the monitored tributary based on the "UNEQUIPPED" condition 
using an equation which is similar to Equation 1 above but which is modified for a 
the "UNEQUIPPED" condition. 

Referring now to Figure 6, in a step 65, a parameter Uaa which represents 

25 the average utilisation of the monitored tributaries based on the "ALWAYS" 
condition is evaluated in accordance with Equation 2 set out below: 



1- 



»o 1 



.where .. (2) 



•ao = Par /Qaii 

Pap = number of virtual containers reserved for monitored tributary n examined in 
measurement period which satisfy the ALWAYS condition 



wo 97/37453 



PCT/GB97/00752 



10 

Q^^ = total number of virtual containers reserved for monitored tributary n 

examined in measurement period 
N = number of monitored tributaries 

5 

In the present example, the number of monitored tributaries N may have a 
value of up to 8. 

In a step 66, a parameter Uao representing the average utilisation of the 
monitored tributaries based on the "ONCE" condition is evaluated in accordance 
10 with an equation similar to Equation 2 set out above but modified for the "ONCE" 
condition. 

Lastly, in step 67, a parameter Uae representing the average utilisation of 
the monitored attributories based on the "UNEQUIPPED" condition is evaluated in 
accordance with an equation similar to Equation 2 set out above but modified for 
15 the "UNEQUIPPED" condition. 

Each of the parameters representing tributary utilisation may be displayed 
on VDU 51 for successive time periods by using a bar chart. An example of a bar 
chart is shown in Figure 7. As may be seen, for each measurement period the 
parameter is displayed as percent utilisation. 
20 The steps 60 to 62 and 65 to 67 are performed effectively simultaneously 

at the end of each measurement period and the six parameters may then be 
displayed at the same time. 

Thus, by using the monitoring system 20, an operator may monitor both 
the individual and average utilisation of the monitored tributaries. By evaluating 
25 the utilisation in accordance with the three different conditions, the reliability of 
the evaluation is improved. If the operator finds that either a single tributary or a 
group of monitored attributaries is underused, he may suggest to the user of that 
tributary or tributaries that it would be appropriate to reduce the user's bandwidth 
requirement. If the user does reduce its bandwidth requirement, then the spare 
30 bandwidth may be allocated to another user who may require additional 
bandwidth. Also, if the operator finds that the bandwidth usage of a single 
tributary or a group of monitored tributaries is approaching a point where additional 
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bandwidth should be purchased, he may suggest to the user of that tributary or 
tributaries that it would be appropriate to purchase additional bandwidth. 

Although the present invention has been described with respect to 
monitoring tributaries to an SDH ring in which the tributaries operate at a PDH bit 
5 rate of 2.048 Mbits, it is to be appreciated that the present invention may be 
applied to monitoring utilisation of tributaries which operate at other bit rates. 
Also, the present invention may be used for monitoring utilisation of tributaries to 
an SDH transmission path which is arranged along a line, rather than in a ring. 

In this specification, the expression "synchronous digital hierarchy 
10 network" is intended to include a network operating to synchronous optical 
network (SONET) standards. These standards are considered a subset of SDH 
standards. 
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CLAIMS 

1 A method of operating a utilisation monitoring systenn for monitoring 

utilisation of a tributary to a main synchronous digital hierarchy <SDH) transmission 
5 path, said main transmission path being arranged to transport a series of data 
frames each of which contains at least one virtual container, each virtual container 
having a path overhead and a payload, the said tributary joining the main 
transmission path at a multiplexer which is arranged to load a data signal from the 
said tributary into virtual containers in said frames which are reserved for carrying 
10 a data signal from the said tributary, the said method comprising the steps of: 

examining virtual containers reserved for carrying a data signal from the 
said tributary at a point on the said main transmission path for the presence of a 
predetermined bit pattern; and 

evaluating a parameter indicative of the utilisation of said tributary from 

15 the results of said examining step. 

2. A method of operating a utilisation monitoring system in Claim 1, m 

which, in said evaluating step, said parameter U is evaluated for each one of a 
series of measurement periods in accordance with the following equation: 

20 

U = (1 - I), where 
I = P/Q 

p ^ number of virtual containers examined in measurement period 
having said bit pattern 
25 Q = total number of virtual containers examined in measurement period 



3. A method of operating a utilisation monitoring system as claimed in Claim 

1 or Claim 2, in which said predetermined bit pattern is the presence of all binary 
30 "1"s in each byte of the payload of a virtual container. 
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4. A method of operating a utilisation monitoring systems as claimed in Claim 

1 or Claim 2. in which said predetermined bit pattern is the presence of all binary 
"1 "s in at least one byte in the payload of a virtual container. 

5 5. A method of operating a utilisation monitoring system as claimed in Claim 

1 or Claim 2, in which said predetermined bit pattern is the presence of a bit 
pattern in the path overhead of a virtual container which indicates that the 
tributary is unequipped. 

10 6. A system for monitoring utilisation of a tributary to a main synchronous 

digital hierarchy (SDH) transmission path, said system comprising: 

means for examining virtual containers carried in SDH data frames and 
reserved for carrying a tributary to a main SDH transmission path at a point on the 
main SDH transmission path for the presence of a predetermined bit pattern; and 

means responsive to said examining means for evaluating a parameter 
indicative of the utilisation of the tributary. 

7. A system for monitoring utilisation of a tributary to a main SDH 
transmission path as claimed in Claim 6, in which the said evaluating means is 

20 arranged to evaluate the said parameter U for each one a series of measurement 
periods in accordance with the following equation: 

U = (1 - I), where 
I = P/Q 

2^ = number of virtual containers examined in measurement period 

having said bit pattern 
Q = total number of virtual containers examined in measurement period 

8. A system for monitoring the utilisation of a tributary to a main SDH 
30 transmission path as claimed in Claim 6 or Claim 7, in which said predetermined bit 

pattern is the presence of all binary "1"s in each byte of the payload of a virtual 
container. 
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9. A system for monitoring utilisation of a tributary to a main SDH 
transmission path, as claimed in Claim 6 or Claim 1 , in which set predetermined bit 
pattern is the presence of all binary "1"s in at least one byte of the payload of a 
virtual container. 

10. A system for monitoring utilisation of tributary to a main SDH transmission 
path as claimed in Claim 6 or Claim 7, in which said predetermined bit pattern is 
presence of a bit pattern in the path overhead of a virtual container which indicates 
that the tributary is unequipped. 

11. A system for monitoring utilisation of tributary to a main SDH transmission 
path as claimed in any one of Claims 6 to 10, further including means for 
displaying said parameter. 
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